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Although many reports which suggested the
existence of the secretory innervation of the
sebaceous glands have been ignored by many
of those concerned with the concept of inter-
dependence of lipids and sweat on the skin
surface, the last doubt has not been eliminated
owing to the difficulty in observing the excretion
from individual sebaceous and sweat glands
(1) simultaneously before emulsification. The
author has attempted to investigate the presence
of secretory innervation of the sebaceous glands
which have been a subject of this controversy.
It has been postulated by Rothman, that to
determine the amount of sebum excretion, it is
necessary to check the amount of accompanying
sweat or to atropinize the skin area in order to
exclude accompanying perspiration (1). For the
purpose of this investigation, however, it was
determined not to first atropinize the skin area.
The author has developed a method to absorb
both sweat and sebum at the same time but
separately onto the starch paper upon their
delivery to the skin surface, allowing them no
opportunity of emulsification. Using this method,
observations were made on the rate of sebum ex-
cretion which is not influenced by perspiration,
when intracutaneous administration of the auto-
nomic drugs (Part I) or emotional stimulation
(Part II) were applied.
METHOD5 AND RE5ULT5
Part I. Intracutaneous Administration of the
Autonomie Drugs
The upper back was chosen as test skin area
where considerable amount of sebum excretion
and no "emotional" perspiration could be ex-
pected. The rectangle skin area (5 cm x 7.5 cm)
centering along the vertebral line (shown in
figure 1) was first cleansed by swabbing with
acetone. The upper half of the rectangle was
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painted with iodine tincture (U.S.P.), and the
lower half was merely cleansed with 70% alcohol.
0.05 cc of each of two different autonomic drugs
(a and b) were then administered intracutane-
ously at the left and right parts of the upper and
lower division of the rectangle (figure 1: a and
a', b and b'). 0.05 cc of physiological saline were
intracutaneously injected in the median line of
the upper and lower division of the rectangle
(figure 1: s and s').
Before, immediately alter, 20 minutes after,
40 minutes after and 1 hour after the adminis-
tration of the drugs, the rectangular starch paper
was placed on the test skin area, being pressed
down evenly with the use of foam-rubber for
exactly 3 minutes. Both sweat and sebum were
respectively absorbed into the starch paper
without having any opportunity of emulsification.
Sweat droplets penetrated the upper half of
the starch paper were indicated as dark purple
spots of iodostarch. Sebum absorbed into the
lower half of the paper was then exposed to osmic
acid vapor by placing the paper over the mouth
of the osmic acid bottle (1 cm in diameter) for
a period of 1 minute, and was indicated as dark
brownish dots in circlets.
Just before each application of the starch
papers, wipings were taken for the amount of
sebum which was replaced during each test. Also
in order to eliminate the influence of stimulation
by acetone, it was necessary to wait about fifteen
minutes after the first swabbing by acetone until
the blind application was recorded before injec-
tion as control.
The autonomic drugs which were used for this
experiment and their contents in solution were
as follows: epirenamin chloride (epinephrine)
1:1000, acetylcholine chloride 1:200, pilocarpine
hydrochloride 1:1000, physostigmine 1:2000,
carbaehol 1:1000, mecholyl chloride 1:1000,
scopolamine hydrobromide 1:100, pituitan
(pituitrin) 10 units/cc, ergotamine tartrate
1:100, chlorpromazine 1:200, etc. The experi-
ment was undertaken during the period of June
1956 to May 1957, (room temperature of 20°
to 25°C) on 27 healthy subjects aged 20 to 43
and including 1 female subject.
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A part of the results obtained is shown in
Figures 3 to 8. Survey of the results showed:
1. There was no significant change in the
amounts of sebum excretion before and after
the administration of the autonomic drugs,
and between the two antagonistic drugs.
2. Dark brownish dots of sebum which were
indicated on the lower half of the starch papers
were found not to be parallel with dark purple
spots of sweat on the upper half of the papers.
3. On the lower half of the starch papers, sweat
droplets were also stained by osmic acid vapor
with light greyish or dark pinkish tint. These
spots of sweat were easily differentiated from the
dark brownish dots of sebum in the same circlets.
Part II. Response to "Emotional" Stimulation
The forehead was chosen as the test skin area
because "emotional" perspiration and high
amounts of sebum excretion could be expected in
this site (figure 2).
Electrodes were fastened to palms of the
subject lying in a supine posture, in order to
record the psychogalvanic reflex. When heat-pain
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was added by Hardy's pain machine (2) with the
approximate intensity of 10 dols, the out-pouring
sweat and sebum were absorbed by the starch
paper for 1 or 2 minutes, with no opportunity for
emulsification.
Pre-procedures were performed in tbe same way
as described in Part I. This experiment was
undertaken during the period of May 1957 to
March 1958 on 32 male subjects aged 33 to 64,
at a room temperature of 20° to 28°C.
Some of the results obtained are shown th
Figures 9 to 12.
1. Generally, no perspiration stained the
starch paper as long as the subjects relaxed in
room temperatures of 20° to 25°C, nor was there
a psychogalvanie reflex response. However, when
the psychogalvanic reflex appeared in response
to the heat stimulation, the amount of per-
spiration indicated on the starch papers often
increased (not always—figure 12), and was re-
garded as mental perspiration. On the other hand,
there was no significant difference between the
amount of sebum excretion before and after
emotional stimulation regardless of the presence
of mental perspiration. This relationship was in
agreement with that as observed in Part I con-
cerning the administration of the autonomic
drugs.
2. Amount of sudoriferous spots and sebaceous
dots indicated on the starch paper were also
found not to be parallel in this experiment.
3. On very rare occasions, when no response
was observed in psyehogalvanie reflex and the
paper was stained with perspiration, it was re-
garded as perpetual perspiration in the room
temperature below 28°C and as thermal perspi-
ration in the room temperature over 28°C.
DISCUSSION
Since Miesher and Schoenberg's experimenta-
tions, it has been considered necessary to dif-
ferentiate casual level (saturation level), produc-
tion capacity (excretion rate) and retained level
(residual level). The term production capacity
is also known as the replacement sum or the
excretion rate. This seems to be dependent upon
both 1) the rate of sebaceous flow from the glands
to the skin surface and 2) 11w rate of sebaceous spread
over the skin.
The amounts of sebum excretion which have
been postulated to be parallel with the amounts
of accompanying perspiration (3, 4) could be
either saturation level (total level) or "production
capacity (excretion rate) in the general use of
the term" which include both the rate of
sebaeeous spread over the skin and the rate of
sebaceous flow from the glands to the skin sur-
face. On the other hand, the amounts of sebum
excretion which were dealt with in this experi-
ment were not influenced by perspiration since
both sweat and sebum were adsorbed onto the
same starch paper at the time of their delivery
to the skin surface, with no opportunity for
emulsification. Therefore these amounts should
be "production capacity (excretion rate) in the
specific use of the term," that is, the rate of
sebaceous flow from the glands to the skin surface
only. It would seem useful, therefore, to divide
and clarify the term "excretion rate" as follows:
excretion excretion in the specifl°
rate from or rate in use of the term
excrctioo the glands the duct
rate spreading excretion. . . .. in the general
rate over or rate on use of the term
the skin the skin
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This amount of sebum excretion (excretion rate
from the glands) was observed not to parallel the
amount of available perspiration. Also in con-
trast to the amount of perspiration, the amount
of sebum was not influenced by the intracutane-
ous administration of the autonomic drugs nor
by emotional stimuli. These results present evi-
dence of an absence of autonomic innervation of
the secretory activity of the sebaceous glands.
Lipids in sweat which were indicated in the
lower division of the starch paper by being
stained with light greyish or dark pinkish tint
should not be overlooked. Herrmann, Prose and
Sulzberger (3, 4) found that small but neverthe-
less significant amounts of ether soluble materials
on the palms where there arc no sebaccous glands.
After a period of latency during which the freshly
outpouring sweat droplets remained unstained
with osmic acid vapors, a black dot usually ap-
peared in the center of their base, followed by
more or less complete darkening of each of the
individual droplets. This observation lead them
to the conclusion that lipids were attracted by
the sweat from underlying stratum corncum and
were supplied by the keratinizing epidermal cells.
However, the amount increased in ether soluble
materials which paralleled that of perspiration
has been explained with the interdependence of
sweat and lipids, not with the amount of lipids
in sweat. Takagi and Nitta (5) reported that the
little amount of the small fat particles from the
cccrinc glands histologically stained by osmic
acid, resulted in a light greyish tint, not in a
dark brown or a black tint as were the cases of
neutral fat.
As previously mentioned, the staining results
of the lipid indicated on the starch papers by
osmic acid vapor, resembled that of the small
fat particles found by Takagi and Nitta. How-
ever, whether fats are preformed components of
sweat, or merely are found to be in sweat being
derived from other sources, the question remains
unanswered in this paper.
In conclusion, the results obtained here have
never disagreed with the concept of Herrmann
at al concerning parallelism in the amount of
sebum and sweat, but merely were observed in
a different period of excretion, before the oppor-
tunity for emulsification. Bc that as it may, in
order to investigate the existence of the secretory
innervation of the scbaccous glands, it has been
regarded necessary to consider the excretion rate
from the glands, i.e., the excretion rate in the
specific use of the term.
SUMMARY
1. A method was developed to investigate the
existence of secretory innervation of the scbacc-
ous glands, by absorbing sweat and scbum
separately and simultaneously onto starch paper
upon their delivery to the skin surface, allowing
them no opportunity for emulsification.
2. With this method, the rate of scbaccous flow
from the glands to the skin surface was observed,
and was differentiated from the rate of sebaccous
spread over the skin.
3. There were no significant changes in the
amounts of scbum excretion which were not in-
fluenced by perspiration before and after the
intracutaneous administration of the autonomic
drugs, as compared with the amounts of perspira-
tion on the back.
4. The same relationship was found on the
forehead when the mental perspiration due to
heat-pain was indicated on the starch paper.
5. The differentiation of types of perspiration
on the forehead (mental, perpetual, and thermal)
were tried by the reference to psychogalvanic
reflex.
6. No parallelism was found to exist between
the amount of sebum excretion (the rate of
scbaccous flow from the glands to the skin sur-
face) and that of perspiration.
7. The lipids in sweat were indicated on the
starch paper by osmic acid vapor.
AcKNowLEDGMENT
The author is indebted to Prof. Hatsuo Nitta
for his constant interest and encouragement.
ADDENDUM
After submitting this manuscript for publica-
tion, it was suggested to the author by Dr.
Stephen Rothman, that the scbum which pene-
trated the lower half of the starch paper could
have been gravimctrically measured. In the
latest issue of the J. Invest. Dermat., 30: 99,
1958, which the author read also after submitting
this manuscript for publication, Doctors Kligman
and Shelley reported that the absorption of
scbum by papers are sensitive enough to detect
the tiniest traces of lipoid and small differences
among individuals, although 15% of lipoid re-
mained on the skin. Yet it is obvious that gravi-
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metrical measurement could have made the
result more accurate, and the author expresses
his gratitude for Dr. Rothman's advice.
Drs. Kligman and Shelley also pointed out that
the amount of sehum which reaches the skin sur-
face in a given period of time is not necessarily
the amount produced during that time. Part of
it is pre-formed sebum pooled in the sebaceous
follicles. This old but important concept which
the author had not considered shook the basis
of this investigation. However they also have
observed and reported that emotion had no
effect on lipoid excretion with a cup method
applied on the forehead of two subjects. Inci-
dentally they submitted the term "lipoid de-
livery" for "production capacity", and the
author preferred the term "excretion rate" to
"production capacity".
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